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PREFACE 


When  USAFETAC/DNO  was  tasked  to  determine  upper  and  lower  altitude  limits  for  contrail 
formation  over  a  specified  area  of  the  Persian  Gulf,  they  found  that  there  was  no  operational 
capability  for  doing  so.  TTiis  report  describes  the  development  of  such  a  capability,  one  that  was 
then  used  to  determine  monthly  climatological  altitude  limits  (extreme  minimum,  mean 
minimum,  mean  maximum,  extreme  maximum)  for  contrail  formation  over  a  given  upper-air 
stadon. 

To  determine  climatological  altitude  limits,  project  analyst  Capt  Gregory  J.  Reding  developed  a 
computer  program  named  "DNCONTRL."  With  Maj  Walter  F.  Miller  and  Capt  Brian  M. 
Bjomson,  he  used  DNCONTRL  to  examine  19  upper-air  stations  in  the  specified  area  of  interest 
to  determine  the  desired  mean  and  extreme  altitude  limits  for  each  station. 

Information  on  percent  occurrence  frequency  (POF)  of  conditions  favoring  contrail  formation 
over  individual  stations  was  also  determined  and  is  included  in  the  report,  along  with  data 
previously  developed  and  published  in  3rd  Weather  Manual  105-9,  Monthly  Climatological 
Condesnation  Trail  Probabilities  over  the  Northern  Hemisphere. 
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1.  INTRODUCTION. 


1.1  Overview.  USAFETAC/DNO  was  tasked  to  find  the  upper  and  lower  limits  of  contrail 
formation  over  a  specified  part  of  the  Persian  Gulf  region.  Since  USAFETAC  had  no  operational 
capability  to  do  this,  it  developed  a  computer  program  (known  as  DNCONTRL")  to  find 
monthly  climatological  extreme  minimums,  mean  minimums,  extreme  maximums,  and  mean 
maximum  altitudes  (in  feet  above  mean  sea  level-MSL)  favorable  for  contrail  formation,  over  a 
given  upper-air  station.  DNCONTRL  uses  upper-air  data  from  the  entire  period  of  record  (FOR) 
for  each  station  studied.  The  program  also  produces  tables  that  give  monthly  percent  occurrence 
frequency  (POF)  of  contrail  formation  conditions  for  specified  levels  in  the  atmosphere. 
Fortunately,  the  meteorological  data  required  to  compute  the  requested  statistics  was  readily 
available;  USAFETAC/DNO  was  able  to  forward  the  statistics  to  the  operational  customer 
quickly. 

1.2  Product  Description.  This  report  provides  the  upper  and  lower  altitude  limits  for 
contrail  formation,  as  well  as  POFs  of  conditions  that  are  favorable  {or  contrail  formation.  It 
does  not  provide  upper  and  lower  altitude  limits  of  observed  contrails. 

1.3  Computing  Upper  and  Lower  Limits  of  Contrail  Formation.  To  provide  common 
levels  at  which  to  compute  POFs  of  favorable  contra'l  conditions  for  all  soundings  in  a  given 
station’s  period  of  record  (FOR),  all  upper-air  data  was  first  interpolated  to  5(X)-foot  intervals  in 
the  vertical.  The  DNCONTRL  program  then  determined  if  conditions  were  right  for  contrail 
formation  at  each  level  in  an  upper-air  sounding  by  computing  the  critical  temperature  for 
contrail  formation  with  an  equation  taken  from  USAFETAC/PR-90AX)3  (see  3.2).  Th.s  critical 
temperature,  a  function  of  pressure  and  relative  humidity,  was  computed  for  each  level  in  a 
sounding.  If  the  ambient  temperature  at  a  level  was  less  than  or  equal  to  the  critical  temperature, 
contrail  formation  was  considered  possible.  Minimum  and  maximum  altitudes  for  contrail 
formation  from  each  sounding  in  a  station’s  POR  were  used  to  compute  the  monthly  mean 
minimum  and  maximum  contrail  formation  altitudes  and  to  select  the  monthly  extreme  minimum 
and  maximum  altitudes. 

1.4  Application  of  DNCONTRL  to  the  Persian  Gulf.  To  examine  contrail  formation 
conditions  in  the  area  of  interest,  the  program  was  run  with  data  from  19  upper-air  sounding 
stations  within  an  area  bounded  by  lO”  to  40”  N,  and  30”  to  60”  E.  Monthly  extreme  minimum, 
mean  minimum,  mean  maximum,  and  extreme  maximum  contrail  formation  altitudes  were 
calculated  for  each  station,  along  with  monthly  POFs  of  favorable  contrail  conditions  at  500-foot 
intervals. 
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2.  DATA 


2.1  Upper-Air  Stations  Used.  Figure  1  lists  the  19  upper-air  stations  used  in  the  study. 


Station 

Block  Station 
Number 

Latitude 

Lcngltude 

Elevation 

(meiere) 

FOR 

Ankara,  TU 

171300 

39‘’37’  N 

32*53’ E 

894 

73-88 

Lonir,  TU 

172200 

38^6*  N 

2ri0’  E 

25 

73-88 

Isparta.TU 

172400 

3r45’  N 

30*33’  E 

997 

73-88 

Diyarbakir,  ITJ 

172800 

3r53’  N 

40*11’ E 

677 

73-88 

AIcppo/Ncirab,  SY 

400070 

36*1  TN 

3ri3’  E 

393 

73-87 

Damascus,  SY 

400800 

33*25’  N 

36*31’ E 

611 

73-88 

Bet  Dagan,  IS 

401790 

32*00’ N 

34*49’  E 

30 

73-88 

Tabuk.  SD 

403750 

28*22’ N 

36*38’ E 

770 

76-88 

Madinah,  SD 

404300 

24*33’ N 

39*42’  E 

631 

80-88 

Riyadh,  SD 

404370 

24*56’  N 

46*13’  E 

612 

73-88 

Dhahran,  SD 

404160 

26*16’ N 

50*09’ E 

17 

75-88 

Kuwait  lAP,  KW 

405820 

29*13’ N 

4r59’  E 

55 

73-90 

Baghdad.  IQ 

406500 

33*14’ N 

44*14’ E 

34 

73-90 

Mashhad.  IR 

407450 

36*16’  N 

59*38’ E 

980 

73-80 

Tehran, IR 

407540 

35*41’  N 

5l*21’E 

1.191 

73-80 

Kerman,  IR 

408410 

30*15’ N 

56*58’ E 

1.754 

73-80 

Khamis  Mushait,  SD 

4I1I40 

18*18’ N 

42*48’  E 

2.054 

76-88 

Seeb,  OM 

412560 

23*55’ N 

58*17’ E 

15 

82-88 

Salalah,  OM 

413160 

17*02’  N 

54*05’ E 

20 

80-88 

Fijrure  I.  Upp«r-air  stations  used  in  the  stndv. 
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2.2  Input  Data  Oascription.  PORs  of  historical  weather  data  availai^  for  analysis  varied 
widely  among  the  19  stations,  and  ranged  from  8  to  18  years.  For  each  station,  data  from  10,(XX) 
feet  MSL  to  either  100,000  feet  MSL  or  the  top  of  the  sounding,  whichever  was  lower,  was 
extracted  from  magnetic  tape  for  use  in  DNCONTRL.  We  chose  10,000  feet  MSL  as  the  lower 
limit  after  a  preliminary  review  of  3WWM  105-9,  Monthly  Climatological  Condensation  Trail 
Probabilities  Over  the  Northern  Hemisphere,  which  indicated  no  probability  of  contrails  over  the 
Gulf  region  at  or  below  500  millibars  (about  18,000  feet  MSL)  for  any  mont.'i  of  the  year. 
Soundings  were  interpolated  to  5(X)-foot  intervals  in  the  vertical  as  USAFETAC/ECA  read  them 
from  tape  using  ECAUARDR,  the  standard  program  for  retrieving  upper-air  data.  A  5(X)-foct 
interval  was  chosen  to  ensure  that  all  significant  variations  in  the  temperature,  pressure,  or 
humidity  profiles  of  the  soundings  were  accounted  for  when  computing  critica'  temperature  (see 
3.2).  Information  for  each  level  in  these  files  includes: 

•Block  Station  Number  (6-digits) 

•Year  (2-digits) 

•Month  (2-digits;  e.g.,  01) 

•Day  (2-digits;  e.g.,  02) 

•Hour  (2-digits;  eg.,  03) 

•Height  (geopotential  feet  MSL) 

•Temperature  (degrees  Celsius) 

•Pressure  (millibars) 

•Relative  Humidity  (percent) 

Sounding  data  from  the  19  upper-air  stations  was  stored  on  disk  in  EBCDiC-format  "flat  files" 
before  processing  by  DNCONTRL.  EBCDIC  is  a  standard  format  for  representing  binary  data 
used  by  IBM  computers;  it  is  used  on  USAFETAC’s  IBM  3090  mainframe.  Flat  files  require 
less  disk  space  than  other  data  formats,  and  st,  allow  rapid  retrieval  by  DNCOF'fTRL. 


2.3  Tropopause  Data.  USAFETAC/ECA  also  created  files  containing  tropopause  height  for 
each  station’s  soundings.  Tropopause  height  is  necessary  for  calculating  critical  temperature,  as 
will  be  described  in  Section  3.  These  files  consisted  of: 

•Block  Station  Number  (6-digits) 

•Year  (2-digits) 

•Month  (2-digits;  e.g.,  01) 

•Day  (2-digits;  e.g.,  02) 

•Hour  (2-digits;  eg.,  03) 

•Tropopause  Height  (geopotential  feet  MSL) 

Including  tropopause  height  in  the  same  files  as  the  the.  iTKxlynamic  data  would  have  taken  too 
much  time  when  the  data  was  read  from  tape.  For  simplicity,  it  was  decided  to  create  separate 
tropopause  data  files,  and  then  combine  them  with  the  rest  of  the  data  with  DNCONTRL 
computer  routines  as  they  were  needed.  To  be  read  by  DNCONTRL,  which  was  written  in 
Stetistical  Analysis  System  (SAS)'  language,  these  tropopause  height  files  were  stored  as  SAS 
permanent  datasets  (PDSs).  Sounding  data,  originally  cre'^ted  as  flat  files,  was  converted  to  SAS 
PDSs  when  DNCONTRL  needed  it  by  still  another  prof  m  (EXTRCDTG),  which  is  referenced 
in  DNCONTRL’s  job  control  language  (JCL). 


1.  SAS  is  a  registered  trademark  of  the  SAS  Institute  Inc.,  Cary,  NC. 
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3.  SOFTWARE. 


3.1  Basic  Design.  Minimum  and  maximum  aititudes  for  possible  contraii  formation  in  the 
Persian  Gulf  area  were  required  for  all  months.  DNCONTRL  was  designed  to  find  monthly 
mean  and  extreme  minimum  and  maximum  levels  at  which  contrails  could  form  over  a  given 
upper-air  station.  The  program  was  run  using  data  from  each  of  the  19  stations  in  the  area  to 
describe  the  spatial  variations  throughout  the  region  precisely. 

3.2  Determining  Contrail  Formation  Altitudes:  Critical  Temperature.  The  critical 
temperature  equation  shown  here  was  developed  from  data  in  Table  1  of  AWS/TR-81AX)1  by 
statistical  regression  techniques.  It  is  used  to  determine  whether  or  not  contrails  can  form  at  a 
given  altitude,  and  was  applied  to  each  level  in  a  given  sounding.  It  was  also  used  to  determine 
levels  of  possible  contrail  formation  in  USAFETAC/PR-90AX)3,  SAC  Contrail  Forecasting 
Algorithm  Validation  Study,  which  compared  several  contrail  forecasting  algorithms. 

T,  --93.9  +  4.<>2*/n(/»)  +  0.45*(/"  (P)^l  *  0.30»RH  -  0.0074*{R  IF)  *  OOOOOiHR IF) 


where 

r,  «  critical  temperature  required  for  contrail  formation  at  a  given  pressure  and  relative 
humidity  ("C) 

p  «  pressure  at  a  given  level  in  the  atmosphere  (mb) 

/?//  «  relative  humidity  at  a  given  level  in  the  atmosphere  (%) 


The  critical  temperature  computed  at  each  level  in  the  sounding  is  compared  to  the  ambient 
temperature  at  that  level.  If  the  ambient  temperature  is  less  than  or  equal  to  the  critical 
temperature,  contrail  formation  is  possible.  A  "nag,"  with  a  value  of  "yes"  or  "no,  is  assigned  to 
each  level  in  the  sounding,  depending  on  whether  or  not  contrail  formation  was  possible. 

3.3  Developing  POF  Tables.  DNCONTRL  uses  SAS’s  TABULATE  procedure  to  pnxiuce 
monthly  tab'es  that  give  POFs  of  conditions  favorable  for  contrails  for  each  level  in  the  vertical. 
Those  tables  are  provided  in  Section  5,  "Results." 

3.4  Computing  Mean  and  Extreme  Minimums  and  Maximums.  SAS's  MEANS 
procedure  allowed  extraction  of  the  lowest  and  highest  altitudes  at  which  contrail  formation  was 
p<?ssible  for  each  sounding.  By  operating  on  this  esttacted  data  a  second  time  with  the  MEANS 
procedure,  the  monthly  extreme  minimum,  me.in  minimum,  mean  maximum,  and  extreme 
maximum  altitudes  for  contraii  formation  were  cmnpiited. 


ZJS  Replacing  Missing  Data. 

3.5.1  Relative  Humidity.  Relative  humidity  (RH)  is  necessary  for  determining  whether  or 
not  contrails  will  form  at  a  given  altitude.  Since  it  is  frequently  missing  in  soundings  above  400 
mb,  DNCONTRL  uses  the  following  artificial  profile  (taken  from  the  Air  Force  Global  Weather 
Central  (AFGWC)  contrail  forecasting  program)  to  fill  in  missing  RH  data: 

•Troposphere;  40  percent 

•Within  300  meten  of  the  tropopause;  70  percent 

•Stratosphere:  lOpen.cnt 

Substituting  these  values  requires  knowledge  of  where  the  tropopause  is  for  each  sounding.  As 
altcady  mentioned  USAFETAC/ECA  created  files  of  tropopause  heights  for  each  sounding. 
These  were  then  merged  with  the  thermodynamic  sounding  data  using  ,SAS  procedures  included 
in  DNCONTRL. 

3.5.2  Tnpopause  Height.  Monthly  mean  tropopause  heights  are  computed  by  DNCONTRL 
using  information  on  individual  tropopause  heights  for  a  given  station.  For  soundings  in  which  a 
value  of  tropopause  height  is  missing,  monthly  mean  values  are  substituted. 
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4.  TESTING  AND  VALIDATION. 


4.1  Restrictions  on  Use  of  Critical  Temperature.  The  equation  given  in  3.2  is  only 
valid  to  72,000  feet  MSL.  it  was  derived  from  data  in  Table  1  of  AWS/TR-81AX)1,  which 
contains  data  for  pressure  levels  from  the  surface  to  40  mb-about  72,000  ft  MSL.  Since  the 
relationship  in  the  equation  is  almost  linear,  it  was  used  beyond  that  altitude;  however, 
inferences  of  contrail  formation  above  72,000  feet  MSL  have  not  been  checked  against  actual 
observations,  and  conditions  favorable  for  contrail  formation  above  this  limit  are  questionable. 

To  examine  their  validity,  mean  and  extreme  minimums  and  maximums  were  determined  for  two 
different  datasets.  The  first  set  contained  all  soundings  in  a  station's  FOR.  To  eliminate 
obviously  questionable  contrail  detection  altitudes,  the  second  contained  only  soundings  in  which 
no  favorable  contrail  conditions  were  detected  at  the  top  of  the  sounding.  Analysts  then 
compared  the  extreme  maximum  contrail  altitudes  from  these  two  sets  for  each  station.  If  there 
was  a  discrepancy  between  extreme  maximum  altitudes  for  a  given  location  and  month,  analysts 
looked  at  the  POF  tables  for  that  station  and  month  to  see  (a)  if  the  questionable  extreme 
maximum  altitude  was  an  "outlier”;  that  is,  an  instance  of  possible  contrail  formation  isolated 
from  any  other  such  regions  and  above  72,000  feet,  or  (b)  if  the  maximum  was  part  of  a  large 
region  of  possible  contrail  formation.  Figure  2  shows  a  situation  in  which  there  is  a  difference  in 
extreme  maximum  altitude  between  the  two  datasets.  Output  from  DNCONTRL  for  Tabuk  in 
February  yields  two  different  values  of  extreme  maximum  altitude:  73, .500  and  90,000  feet 
MSL. 


Number 


ol 

Standard 

Lowaat 

Hlgnaat 

Slat  tat  lea 
tor  lavala 

Obaarvatlona 

Mean 

Davlatlon 

Maximum  (ft) 

Maximum  (ft) 

at  wtiicli 
eontralla 
may  lorm 

Statlatlea 
tor  lavala 

376 

62.963.54 

6.366.23 

34.300 

90,000 

at  whiclt  tha 
top  laval 

436 

65,018,35 

3.394.16 

35,000 

73,500 

haa  no 
contrail 


Figure  2.  Results  from  DNCONTRL  showing  different  values  of  extreme  maximum 
contrail  formation  height  for  Tabuk,  Saudi  Arabia,  in  February. 
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The  tabic  that  gives  POFs  of  favorable  contrail  conditions  by  altitude  for  Tabuk  in  February  was 
then  consulted  to  decide  which  was  correct.  That  portion  of  the  Tabuk  POF  table  that  gives  data 
from  70,000  to  90,000  ft  MSL  is  given  in  Figure  3. 
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Figure  3.  POF  of  contrail  formation  conditions  for  Tabuk,  Saudi  Arabia,  in  February. 
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Figure  3  shows  that  the  extreme  maximum  of  90,000  feet  was  included  in  an  area  of  possible 
contrail  formation  that  started  at  88,000  feet  MSL.  Coupled  with  a  general  trend  of  decreasing 
percent  frequencies  from  well  below  72,000  up  to  85,000  feet  MSL,  analysts  concluded  that  an 
extreme  maximum  of  90,000  feet  was  believable.  In  all  cases  in  which  such  a  discrepancy 
existed,  the  higher  of  the  two  extreme  maximum  altitudes  was  selected  as  the  actual  extreme 
maximum. 

4.2  Manual  Verification  of  DNCONTRL  Computations.  DNCONTRL  computations  of 
critical  temperature  values  were  checked  manually;  the  software  ctwrectly  computes  critical 
temperature.  To  evaluate  DNCONTRL’s  ability  to  calculate  the  monthly  mean  and  extreme 
minima  and  maxima,  the  program  was  then  run  on  a  small  dataset  consisting  of  three  individual 
soundings.  The  extreme  minimum  and  maximum  contrails  calculated  by  DNCONTRL  were 
compared  to  those  determined  manually  for  the  same  three  soundings.  The  results  were 
identical.  It  was  concluded  that  DNCONTRL  correctly  determines  the  mean  and  extreme 
altitudes  of  contrail  formation,  as  determined  by  the  critical  temperature  equation  in  3.2,  for  any 
given  dataset. 

4.3  Comparison  with  3rd  Weather  Wing  Manual  105-9.  Although  no  published  contrail 
climatology  was  identical  to  the  USAFETAC  study,  3WWM  105-9,  Monthly  Climatological 
Condensation  Trail  Probabilities  Over  the  Northern  Hemisphere,  was  similar  in  that  it  also 
provides  monthly  tables  giving  probability  of  contrail  formation  at  mandatory  pressure  levels 
over  the  Persian  Gulf  region.  Although  a  true  comparision  of  the  two  sets  of  statistics  was  not 
possible,  at  least  some  agreement  was  evident.  Differences  and  similarities  are  discussed  below. 

4.3.1  Differences: 

The  3WWM  105-9  data  was  computed  for  and  is  displayed  at  mandatory  pressure  levels  from 
850  to  100  mb.  USAFETAC  dtita  was  calculated  for  500-foot  levels  from  10,0(X)  ft  MSL  to  the 
top  of  each  sounding. 

Contrail  formation  probabilities  in  3WWM  105-9  were  computed  for  the  center  point  of 
5-degree  latitude  by  5-degree  longitude  quadrangles  for  the  northern  hemisphere.  POFs  of 
favorable  contrail  formation  conditions  in  the  USAFETAC  study  were  calculated  for  specific 
upper-air  stations. 

3WWM  105-9  used  fixed  values  of  critical  temperature  and  monthly  mean  temperatures  at 
each  mandatory  pressure  level  to  determine  if  contrails  might  form  at  those  levels.  The 
USAFETAC  study  determined  critical  temperature  at  each  500-foot  level  as  a  function  of 
pressure  and  relative  humidity  (sec  3.2). 

The  monthly  probability  of  contrail  formation  given  by  3WWM  105-9  at  a  mandatory 
pressure  level  was  determined  as  a  function  of:  (I)  the  difference  between  the  mean  monthly 
height  of  that  level  and  the  mean  monthly  height  of  the  tropopause,  and  (2)  the  standard 
deviation  of  temperature  at  that  level  for  that  month.  See  3WWM  105-9  and  AWSTR  105-104, 
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An  Estimate  of  the  Contrail  Problem,  for  a  more  complete  explanation  of  the  method.  Although 
USAFETAC’s  POF  of  conditions  favoring  contrail  formation  is  fundamentally  different  than  a 
"probability,"  they  are  both  thought  of  as  the  chance  of  an  event  occurring. 

3WWM  105-9  used  monthly  mean  temperature  data  at  mandatory  pressure  levels  from 
3WWM  105-4,  World  Mean  Monthly  Upper  Air  Temperatures.  The  data  used  to  compute  these 
means  was  not  the  same  for  all  levels  (as  shown  below),  while  the  PORs  used  in 
USAFETAC7PR"91/(X)9  vary  for  each  upper-air  station,  as  shown  below. 

For  850  and  700  mb . 5-ycar  POR,  1946-1950 

For  500, 400  and  300  mb . 6-year  POR,  1950-1955 

For  200  and  100  mb . 5-ycar  POR,  1949-1953 

For  150  mb . 2-year  POR,  1941  and  1952 

4.3.2  Similarities: 

Both  studies  show  increased  possibility  of  contrail  formation  with  height.  To  illustrate,  see 
Figures  4a-f  and  5.  Figures  4a-f  (from  3WWM  105-9)  give  the  probability  of  contrail  formation 
for  the  eastern  hemisphere  in  January  for  850, 700,  500,  300,  200,  150,  and  100  mb.  The  Persian 
Gulf  region  is  outlined  by  a  rectangle.  Figure  5  gives  data  extracted  from  the  DNCONTRL’s 
POF  of  favorable  January  contrail  formation  conditions  for  Riyadh,  Saudi  Arabia  (24°  56’  N,  46° 
13’  E,  which  lies  in  the  approximate  center  of  the  boxes  in  Figures  4a-f),  for  January. 

Results  of  the  USAFETAC  study  indicate  that  conditions  are  not  favorable  for  contrail 
formation  below  17,000  feet  (about  535  mb)  anywhere  in  the  Persian  Gulf  region  at  any  time  of 
year.  3WWM  105-9  draws  a  similar  conclusion  in  that  it  shows  no  possibility  of  contrail 
formation  below  500  mb  (about  1 8,{X)0  feet)  for  any  month  in  this  region.  This  is  corroborated 
by  Figure  2,  which  shows  no  contrail  occurrences  below  that  level. 

Figure  4d  indicates  no  chance  for  contrails  at  300  mb  (30,000  feet  MSL)  in  the  central 
portion  of  the  region;  data  from  Figure  5  at  this  altitude  supports  this  finding.  Figure  4c 
(3WWM  105-9)  indicates  a  65-  to  69%  chance  of  contrails  for  this  location  at  200  mb  (39.(XX)  ft 
MSL),  while  Figu’^e  5  (DNCONTRL)  shows  a  60%  POF  of  contrails  at  that  altitude.  Figure  4f 
indicates  a  97-99%  chance  for  contrails  at  150  mb  (45.0(X)  ft);  Figure  5  gives  a  95%  POF.  Both 
studies  claim  a  100-pcrccnt  incidence  of  favorable  contrail  conditions  at  100  mb  (53,000  feet 
MSL). 
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Figure  4a.  January  probability  of  contrail  formation  conditions  at  850  mb,  from 
3WWM  IOS'9.  The  rectangle  outlines  the  Persian  Gulf  region. 
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Figure  4b.  January  probability  of  contrail  formation  conditions  at  700  mb,  from 
3WWM  105-9.  The  rectangle  outlines  the  Persian  Gulf  region. 


11 


MONTH  J4N 


rROB«ailITT  OF  CONTRAIl  FORMATION 
IPERCENTI 


JMMM  I05r9 
AFFENOIX  A 

PRESSURE  LEVEL  200MS 


25 

75 

125 

175 

1 TENTMJ 
329  379 

Of 

625 

OEG. 

675 

NCRTM) 
525  575 

625 

675 

725 

775 

825 

875 

1:? 

60 

60 

57 

57 

69 

73 

76 

77 

86 

86 

86 

82 

82 

86 

89 

89 

93 

96 

60 

60 

57 

57 

69 

73 

76 

72 

82 

86 

86 

82 

86 

86 

89 

89 

96 

96 

U.5 

60 

60 

60 

57 

69 

73 

76 

76 

82 

86 

86 

82 

86 

86 

39 

89 

96 

96 

17.5 

60 

60 

60 

69 

69 

73 

76 

76 

82 

82 

86 

96 

90 

86 

89 

93 

96 

96 

|f:i 

ts 

60 

77 

69 

73 

76 

76 

82 

82 

86 

86 

90 

90 

89 

93 

93 

5* 

60 

rli- 

77 

-4i- 

_73_ 

76  ■ 

82 

82 

86 

86 

90 

90 

86 

93 

93 

96 

32.5 

60 

60 

77 

Bt 

“BT* 

82 

82 

86 

86 

90 

90 

90 

93 

93 

96 

M 

60 

6C 

60 

77 

69 

73 

81 

81 

82 

82 

86 

86 

90 

90 

90 

93 

93 

93 

60 

60 

60 

69 

65 

81 

81 

82 

82 

86 

86 

90 

90 

90 

93 

93 

93 

60 

60 

60 

57 

69 

65 

81 

81 

82 

82 

86 

86 

90 

90 

90 

90 

93 

93 

S2.9 

60 

6C 

60 

57 

57 

65 

81 

81 

82 

86 

86 

86 

90 

90 

90 

90 

93 

93 

ST. 3 

60 

57 

41. 

.45 

-4A- 

76 

82 

86 

86 

86 

90 

90 

90 

90 

93 

93 

62.9 

69 

69 

b  t 

V5 

62 

1 0 

82 

92 

92 

92 

86 

90 

90 

90 

93 

93 

A7.S 

69 

69 

65 

55 

56 

62 

76 

76 

82 

92 

92 

92 

86 

90 

90 

90 

90 

93 

T2-S 

69 

ao 

73 

55 

56 

62 

76 

76 

82 

92 

92 

92 

86 

90 

90 

90 

90 

93 

77.9 

69 

80 

73 

65 

56 

62 

76 

76 

87 

87 

92 

92 

86 

90 

90 

90 

90 

93 

Ikl 

77 

80 

80 

65 

55 

28 

76 

87 

87 

92 

92 

86 

90 

90 

90 

90 

93 

77 

80 

60 

57 

55 

65 

76 

76 

87 

87 

92 

92 

86 

86 

90 

90 

90 

93 

92. S 

77 

77 

69 

57 

57 

65 

81 

81 

87 

87 

92 

92 

92 

86 

90 

90 

90 

93 

97.9 

77 

77 

60 

57 

57 

65 

73 

B1 

87 

87 

92 

86 

86 

86 

90 

90 

93 

8?:1 

58 

60 

60 

63 

63 

57 

65 

73 

H 

87 

87 

86 

86 

86 

90 

90 

93 

60 

60 

60 

63 

63 

55 

65 

73 

81 

87 

87 

86 

86 

86 

90 

90 

93 

112.9 

60 

60 

60 

60 

31 

31 

65 

65 

65 

73 

87 

87 

86 

86 

86 

9C 

90 

93 

117. 9 

60 

60 

60 

31 

20 

35 

35 

65 

65 

Bi 

87 

82 

86 

86 

90 

90 

93 

{22.9 

77 

60 

60 

6C 

31 

20 

27 

27 

35 

55 

73 

81 

82 

86 

86 

90 

90 

93 

127.9 

77 

60 

60 

60 

63 

27 

19 

26 

31 

65 

65 

81 

82 

82 

86 

86 

90 

93 

132.9 

77 

77 

60 

60 

63 

27 

26 

18 

26 

35 

55 

73 

76 

82 

86 

86 

90 

93 

137.9 

77 

77 

60 

6C 

63 

V 

26 

18 

26 

31 

65 

65 

76 

82 

86 

86 

90 

93 

(aj.S 

77 

77 

60 

60 

63 

31 

26 

16 

18 

31 

65 

65 

76 

82 

86 

86 

90 

93 

U7.9 

77 

77 

60 

57 

65 

31 

26 

18 

18 

26 

35 

55 

69 

82 

86 

86 

90 

93 

192.9 

77 

77 

60 

57 

65 

31 

28 

18 

18 

la 

38 

55 

69 

76 

86 

86 

90 

93 

197.9 

77 

77 

60 

57 

65 

38 

28 

18 

16 

18 

31 

56 

69 

Z* 

77 

86 

90 

93 

162.9 

60 

77 

60 

57 

55 

38 

31 

23 

18 

11 

66 

76 

77 

86 

93 

93 

167. 9 

60 

77 

69 

57 

55 

66 

38 

28 

23 

23 

66 

62 

76 

77 

86 

93 

93 

172.9 

60 

60 

69 

69 

55 

56 

56 

60 

36 

28 

31 

66 

62 

72 

77 

86 

93 

93 

177.9 

60 

60 

69 

69 

65 

62 

62 

67 

60 

36 

31 

66 

60 

72 

77 

86 

93 

93 

Figure  4e,  January  probability  of  contrail  formation  conditions  at  200  mb,  from 
3WWM 105-9.  The  rectangle  outlines  the  Persian  Gulf  region. 
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Figure  4f  January  probability  of  contrail  formation  conditions  at  150  mb,  from 
3WWM  105-9.  The  rectangle  outlines  the  Persian  Gulf  region. 


Figure  4g.  January  probability  of  contrail  formation  contritions  at  100  mb,  from 
3WWM IOS-9.  The  rectangle  outlines  the  Persian  Gulf  region. 
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0.0 

40,000 

63.3 

18,000 

0.0 

41,000 

81.3 

19,000 

0.0 

42,000 

83.8 

20,000 

0.0 

43,000 

92.1 

21,000 

0.0 

44,000 

94.9 

22,000 

0.0 

45,000 

95.3 

23,000 

0.0 

46,000 

97.6 

24,000 

0.0 

47,000 

98.5 

25,000 

0.0 

48,000 

98.5 

26,000 

0.0 

49,000 

100.0 

27,000 

0.0 

50,000 

100.0 

28,000 

0.0 

51,000 

100.0 

29,000 

0.0 

52,000 

100.0 

30,000 

0.0 

53,000 

100.0 

31,000 

0.0 

54,000 

100.0 

32,000 

0.0 

55,000 

100.0 

33,000 

1.7 

56,000 

100.0 

34,000 

3.9 

57,000 

100.0 

35,000 

11.3 

58,000 

99.5 

36,000 

22.1 

59,000 

99.5 

37.000 

32.7 

60,000 

99.5 

Figure  5.  January  POFs  of  conditions  favorable  for  contrail  formation,  Riyadh, 
Saudi  Arabia.  (At  I, (XX)-ft  levels—extracted  from  DNCONTRL  output.) 
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4.3^  Spatlsl  and  Seasonal  Distribution.  Data  for  the  3(X)-mb  level  from  both  studies  was 
compared  to  see  if  spatial  and  seasonal  distributions  of  favorable  contrail  formation  conditions 
were  similar.  Since  POFs  of  favorable  contrail  conditions  in  the  USAFETAC  study  were 
computed  at  500-foot  intervals,  the  level  closest  to  the  300-mb  height  had  to  be  identified  in 
order  to  compare  USAFETAC  results  to  those  of  3WWM  105-9.  AFCRC  TR-59-270,  Atlas  of 
300-mb  Wind  Characteristics  for  the  Northern  Hemisphere,  was  used  to  find  the  mean  monthly 
height  of  the  300-mb  level  over  the  Persian  Gulf.  From  the  USAFETAC  study,  the  POF  at  the 
500-foot  layer  closest  to  the  mean  monthly  height  from  the  AFCRC  atlas  was  chosen  to  compare 
probabilities  of  contrail  formation  at  300  mb. 

Neither  study  showed  any  chance  for  contrail  formation  at  the  300-mb  level  south  of  22.5°  N 
for  any  month  of  the  year,  but  both  studies  showed  that  the  POF  of  favorable  contrail  formation 
conditions  at  this  level  increase  markedly  nonhward. 

USAFETAC  POFs  of  favorable  contrail  formation  conditions  at  Ispana,  Turkey,  and 
Mashhad,  Iran,  were  compared  to  those  at  the  closest  gridpoint  in  3WWM  105-9  study  to  see  if 
seasonal  variations  were  similar.  The  results  of  those  comparisons  arc  shown  in  Figures  6  and  7. 


MONTH 


Figure  6.  POF  of  favorable  contrail  conditions  at  300  mb  (USAFETAC)  vs. 
probability  of  contrail  conditions  at  300  mb  (from  3WWM  105-9)  by  month  near 
Isparta,  Turkey. 
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PERCENT  FREQUENCY/PROBABIUTY 


MONTH 

Figure  7.  POF  of  favorable  contrail  conditions  at  300  mb  (USAFETAC)  vs.  prof^  fbility 
of  contrail  conditions  at  300  mb  (from  3WW.Vf  105-9)  by  month  near  Mashad, .  i. 


5.  RESULTS  OF  THE  USAFETAC  STUDY. 


Tables  la  through  19a  give  monthly  POFs  of  favorable  contrail  conditions  at  5,000-foot 
intervals.  Tables  lb  through  19b  give  monthly  values  of  extreme  minimum  and  maximum 
altitudes  for  contrail  formation.  Data  is  provided  here  for  each  of  the  19  stations  in  the  study. 
An  asteiisk  (*)  indicates  "data  not  available." 
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TABLE  la.  Ankara,  Turkey  (l7l300hPOF  of  contrail  formation  condHIont  at  5.000-fl  Intervale,  by 
month. 


tltltud* 
(ft  KSL) 

Jan 

r«6 

H*r 

6pr 

Ifcf 

Jun 

2ul 

tu« 

9*p 

Oet 

■s* 

10000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

15000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

» 

0 

0 

20000 

0.7 

0.2 

0 

0 

0 

0 

0 

0 

0 

0 

9 

0 

25000 

10.2 

9.* 

5.8 

1.* 

0 

0 

0 

0 

0 

0 

0.8 

2.7 

30000 

79.6 

78.7 

67.7 

*2.6 

8.8 

1.1 

e 

0 

» 

8.3 

31.8 

59.* 

35000 

66.9 

81.9 

83.* 

79.0 

72.9 

31.8 

1.1 

0.2 

16.8 

68.1 

89.7 

89.4 

*0000 

65.9 

55.7 

55.7 

57.* 

60.5 

38.1 

2.* 

2.3 

*2.2 

83.* 

88.7 

78.3 

*5000 

*1.5 

30.9 

37.3 

32.1 

31.6 

21.8 

23.3 

38.1 

54.8 

79.7 

82.1 

47.5 

50000 

29.9 

23.5 

32.1 

23.1 

II.O 

25.2 

59.8 

72.7 

13.8 

75.2 

72.2 

58.0 

55000 

19. » 

18.3 

23.6 

1*.* 

7.7 

29.1 

69.7 

72.2 

56.3 

53.2 

53.2 

*2.4 

60000 

8.3 

8.7 

12.1 

6.3 

3.3 

17.8 

51.0 

*5.3 

2*.  3 

18.5 

23.4 

25.0 

65000 

2.5 

1.8 

2.0 

0.5 

0 

0.6 

7.* 

2.0 

0.6 

1.7 

4.1 

4.2 

TOOOO 

0 

0 

0.5 

0 

0 

0 

0.7 

0 

0 

0 

0.3 

0.6 

75000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

TABLE  1b.  Ankara,  Turkey  (i7i300)~Mean  •*'<1  eitreme  aitltudee  for  contrail  formation  by  month. 


Moirm 

KT8EHB 

MINIHIJM 

WAI 

HI8IM181 

ME6M 

HAX7HUH 

mi«i« 

HltlHlM 

JAH 

17500 

2«000 

1*900 

TOOOO 

rra 

19500 

29100 

**000 

67000 

M* 

21500 

29900 

*5000 

73000 

628 

23000 

30700 

*•100 

47500 

HAT 

27500 

33000 

•*000 

4*500 

JOH 

29500 

39000 

•9000 

48000 

jm. 

32500 

*4600 

58100 

73000 

AUO 

31500 

*5900 

57500 

67500 

SEP 

30500 

*0000 

53900 

66500 

OC7 

27000 

3*500 

52*00 

6T500 

807 

23500 

31*00 

52100 

90000 

ate 


\9 


•  9«00 


TO^OO 


TABLE  2a.  Izmir,  Tuiltay  (172200)-POF  Of  contraH  fonnatlon  conditions  at  5,000-ft  Intarvals,  by 
month. 


tltitlKl* 
(ft  KSL) 

Ju 

raft 

Hir 

Apr 

a»r 

tm 

2ul 

*u* 

3*P 

Oet 

■ov 

Dm 

10000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

19000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

20000 

0 

0 

0.9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

29000 

T.O 

(.7 

(.2 

0.( 

0 

0 

0 

0 

0 

0 

0.3 

2.2 

30000 

73.* 

7(.2 

(9.3 

39.9 

13.1 

0 

0 

0 

0 

*.1 

22.1 

(0.9 

39000 

M.9 

22.7 

20. ( 

21.0 

22.9 

32.9 

1.7 

0.2 

22.9 

72.0 

92.9 

90.0 

«0000 

72.2 

»*.1 

97.9 

99.7 

73.2 

90.* 

*.3 

7.9 

97.2 

2*.* 

29.0 

72.9 

*9000 

(0.0 

*0.« 

*1.9 

*1.7 

*9.7 

37.2 

90.1 

(2.2 

79.9 

(2.1 

22.7 

7*.* 

90000 

97.2 

*3.7 

*2.7 

39.3 

30.9 

*9.* 

20.9 

91.9 

(3.2 

23.9 

(4.9 

70.2 

99000 

*2.0 

37.2 

37.9 

2(.2 

23.9 

92.3 

27.2 

29.9 

7(.9 

(*.3 

(7.( 

(3.2 

ioooo 

31.2 

22.9 

22.9 

11.9 

10. ( 

31.* 

71.0 

99.9 

**.( 

2*.1 

31.2 

39.3 

99000 

12.7 

9.2 

9.9 

2.( 

1.2 

2.* 

9.0 

3.7 

3.* 

2.7 

7.3 

10.2 

TOOOO 

2.2 

2.2 

1.0 

0 

0.2 

0 

0 

0.2 

0 

0 

0.9 

0.2 

79000 

0.3 

1.3 

0 

0 

0 

0 

0.2 

0 

0 

0 

0 

0 

TABLE  2b.  Izmir,  Turkey  (172200>-Maan  and  axtrama  altiiudas  for  contrail  formation  by  month. 


MOUTH 

inreME 

KtNIMW 

MEAN 

WNIMOM 

MEAN 

HAXIHtM 

EXT HEME 
MAXIMUM 

JIN 

21000 

2(900 

*9300 

77000 

rt3 

22000 

28500 

*7000 

8*500 

MA2 

19000 

29200 

*6900 

82000 

(92 

2*000 

30800 

*6*00 

77500 

MAT 

2(000 

32*00 

*7000 

71000 

JW 

30500 

37900 

52300 

67000 

jtn. 

32000 

**800 

58600 

78500 

(DO 

33000 

*3800 

57900 

73500 

3EP 

31000 

38800 

55*00 

67500 

OCT 

56500 

3*100 

5  35  0  0 

69500 

NOV 

225  00 

31300 

51600 

73000 

Dec 

23000 

29700 

52000 

70500 

2f) 


TABLE  3a.  tsparta,  Turkey  (172400>-POF  of  contrail  formation  conditions  at  5,000>ft  Intervals,  by 
month. 


lltltud* 
(ft  HSC) 

Jaa 

rab 

Mar 

ipr 

Jun 

Jul 

tuc 

Sap 

Oat 

Rov 

Doo 

10000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

15000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

20000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

25000 

t.o 

5.* 

3.8 

0,5 

0 

0 

0 

0 

0 

0 

0.2 

1.6 

30000 

6«.1 

88.8 

59,2 

28.8 

9.8 

0.3 

0 

0 

0 

3.3 

25. < 

50.3 

35000 

88.2 

79.7 

79.8 

80.8 

8t.O 

27.5 

0.2 

0.3 

17.9 

89.< 

90.8 

87,9 

toooo 

TO. 5 

56.5 

55.3 

82.1 

71.8 

<2,7 

2.8 

<.2 

<9.< 

83.3 

8T.8 

77,5 

*5000 

59. » 

»1.3 

<5.3 

<8.2 

<8.8 

38.2 

<9.1 

73.5 

83.8 

88.1 

88. < 

75.9 

50000 

5«.9 

12.0 

<7.7 

<0.2 

32.9 

5<.0 

90.7 

9T.< 

93.1 

89.7 

85,3 

75.0 

55000 

«7.2 

38,7 

<1.7 

31.3 

25.9 

87.5 

9<.8 

97.7 

91. < 

75.5 

67.8 

88. < 

80000 

28.2 

25,3 

28.0 

18.2 

11.7 

<8.0 

83.0 

83.2 

88. » 

<0.5 

39.8 

<0.9 

65000 

9.2 

8.1 

8.8 

<.3 

0.8 

<.1 

17.0 

9.5 

8.2 

•10.3 

11.8 

10.3 

TOOOO 

2.5 

1.3 

1.1 

0 

0 

0 

0.2 

0.5 

0 

1.1 

2.9 

0.9 

75000 

0.2 

0 

0.2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

TABLE  3b.  Isparta,  Turkey  (l72400)~Mean  arxi  extreme  altitudes  for  coittrali  formation  by  month. 


MONTH 

nTRCMR 

MIMIMIRI 

MEAN 

MINIMUM 

MEAN 

MAXIMUM 

EXTREMS 

MAXIMUM 

JAN 

21000 

29800 

51300 

84500 

ns 

21500 

29<00 

49700 

72500 

MAR 

20500 

29600 

49700 

76500 

APR 

23500 

31700 

49500 

69000 

MAT 

28500 

33<00 

48900 

68500 

JUN 

29000 

40000 

56100 

68500 

JUL 

35000 

<5500 

60600 

71000 

AUO 

35000 

<4100 

59800 

72000 

sep 

32000 

39800 

58600 

69500 

OCT 

27500 

3  <700 

56500 

90000 

NOV 

25000 

31700 

55300 

73500 

DKC 

20500 

30700 

54700 

72500 

21 


TABLE  4a.  Dlyarbakir,  Turkey  (172800)~POF  of  contrail  formation  conditions  at  5,000-ft  Intervals, 
by  month. 


Utltud* 
(rt  M3I.) 

Jan 

rab 

Har 

Apr 

Hay 

Jun 

Jul 

Auc 

Sap 

Oet 

Rov 

Dao 

10000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

15000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

20000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

25000 

7.3 

5.7 

8.8 

0.8 

0 

0 

0 

0 

0 

0.2 

0.6 

2.3 

30000 

6».3 

58.2 

58.8 

19.5 

6.8 

0.2 

0 

0 

0 

2.0 

21.5 

51.0 

35000 

M.7 

82.2 

83.8 

77.0 

66.2 

13.2 

0 

0 

8.2 

50.2 

n.7 

85.7 

«0000 

73.9 

65.9 

56.9 

69.5 

68.3 

21.5 

1.8 

2.8 

27.1 

73.8 

82.8 

75.6 

<5000 

60.8 

51.1 

39.8 

83.7 

82.2 

33.8 

38.2 

85.7 

70.0 

75.1 

75.7 

68.6 

50000 

55.0 

87.2 

80.2 

38.0 

38.6 

58.1 

76.7 

81.5 

81.1 

73.9 

72.5 

58.8 

55000 

85.8 

81.3 

38.8 

36.1 

80.2 

65.0 

88.1 

88.0 

80.7 

61.7 

57.8 

51.8 

60000 

28.6 

29.9 

19.9 

19.1 

31.5 

61.3 

77.9 

81.5 

71.0 

82.0 

80.8 

31.0 

65000 

11.2 

16.7 

8.9 

3.8 

5.0 

18.9 

33.7 

29.0 

19.8 

15.1 

17.8 

6.6 

70000 

3.8 

3.3 

0.9 

0.5 

0 

0.8 

0.8 

1.7 

0 

0.8 

3.9 

2.2 

75000 

0.5 

0 

0 

0 

0 

0 

0 

0.5 

0.5 

0 

0.5 

0 

TABLE 

month. 

4b.  Dlyarbakir, 

Turkey  (172800)-Mean  and  extreme  altitudes  for  contrail  formation  by 

MOHTH 

EXTREME 

MINIMUM 

MEAN 

MINIMUM 

MEAN 

MAXIMUM 

EXTREME 

MAXIMUM 

JAR 

21000 

29100 

87600 

76000 

rra 

21500 

29600 

47200 

78500 

HAH 

21500 

29600 

86300 

73500 

APR 

28000 

32300 

87600 

74000 

MAT 

27500 

33700 

49800 

68500 

JOW 

29000 

82600 

57600 

71500 

JUt, 

36000 

86200 

59700 

70500 

AUC 

36500 

45600 

59600 

87500 

SEP 

32500 

81S00 

57700 

90000 

OCT 

25000 

36300 

53100 

70500 

NOT 

23500 

32400 

51500 

75000 

DEC 

2250  0 

30300 

59100 

74500 

TABLE  5a.  Aleppo/Nalrab,  Syria  (400070)~POF  of  contrail  formation  conditions  at  5,000>ft 
Intervals,  by  month. 


Utltud* 
(ft  MSL) 

Jan 

Fab 

f.,- 

*pr 

May 

Jun 

Jul 

bit 

Sap 

Oot 

Ho* 

Dao 

10000 

0 

0 

0 

0 

0 

0 

0 

« 

0 

0 

0 

15000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

20000 

0 

0.2 

0.3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

25000 

1.8 

1.5 

1.7 

0 

0.1 

0 

0 

0 

0 

0 

0.2 

0.2 

30000 

«7.a 

«7.6 

15.7 

13.9 

<.o 

0 

0 

0 

0 

0.7 

12.1 

33.7 

35000 

8«.9 

78.5 

80.5 

79.9 

68.6 

5.9 

0 

0.2 

1.9 

53.7 

83.6 

83.1 

«0000 

68.1 

53.8 

5«.1 

62.5 

71.9 

19.8 

0 

o.« 

27.6 

81.5 

83.9 

71.8 

*5000 

53.0 

M.3 

39.7 

»6.1 

<6.8 

<6.6 

59.0 

80.6 

9*.3 

91. < 

82.1 

66. < 

50000 

60.3 

52.5 

51.3 

<6.8 

<2.0 

78.1 

98.3 

99.6 

98.6 

92.1 

80.0 

69.1 

55000 

58.1 

52.8 

*8.5 

«.8 

<0.9 

85.3 

99.1 

99.8 

98.3 

79.9 

67.2 

63.5 

60000 

26.9 

3*. 5 

31.3 

25.? 

25.9 

73.* 

96.1 

95.8 

89.7 

«.< 

36.6 

31.8 

65000 

9.7 

9.0 

7.1 

6.0 

1.3 

11.1 

36.  < 

17.3 

16.3 

8.7 

6.2 

6.0 

70000 

2.7 

1.0 

0.3 

0 

0.3 

o.< 

0.9 

0.8 

0 

o.< 

0 

1.< 

75000 

0 

0 

0 

0 

0 

o.< 

0 

0.9 

0 

0 

0 

0 

TABLE  5b.  Aleppo/Nalrab,  Syria  (400Q70)*-Mean  and  extreme  altitudes  for  contrail  formation  by 
month. 


BXTBfME  MEAH  HEIN  ETTBeMS 


MONTH 

MINIMUM 

MINIMUM 

MAnMOM 

MAXIMUM 

JAN 

23000 

30800 

50100 

72500 

FEB 

19500 

31100 

49700 

71000 

MAR 

17500 

30700 

49500 

71000 

APR 

25500 

32800 

50200 

685  00 

MAT 

25000 

34800 

50600 

73500 

JON 

31500 

<3400 

57400 

845  00 

JOL 

39500 

<5200 

50800 

70500 

AtX) 

35000 

<4200 

58800 

81500 

SEP 

335  00 

41300 

57900 

69500 

OCT 

29500 

36100 

55400 

70000 

MOV 

24500 

33300 

53000 

69000 

DEC 

25000 

32000 

51300 

73000 
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TABLE  6a.  Damascus,  Syria  (400800)"POF  of  contrail  formation  conditions  at  5,000-ft  Intervals, 
by  month. 


Altitude 
(ft  KSL) 

Jan 

Feb 

Kar 

Apr 

May 

Jun 

Jul 

Aik 

Sep 

Oat 

Not 

Deo 

10000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

15000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

20000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

25000 

0.2 

0.2 

0.2 

0 

0 

0 

0 

0 

0 

0 

0 

0.2 

30000 

16.7 

21.6 

16.9 

3.7 

1.7 

0 

0 

0 

0 

6.4 

1.8 

14.6 

35000 

72.A 

63.0 

65.6 

69.2 

49.1 

2.1 

0 

0 

1.7 

32.8 

60.5 

70.3 

AOOOO 

64.5 

56.5 

50.2 

67.8 

75.9 

17.6 

0.2 

0.6 

17.4 

79.3 

88.2 

75.4 

A5000 

63.1 

58.3 

51.0 

52.7 

61.3 

71.1 

74.1 

87.0 

93.0 

89.8 

90.5 

76.0 

50000 

77.1 

69.3 

67.6 

68.3 

65.8 

92.8 

99.8 

99.8 

99.3 

92.5 

93.4 

83.3 

55000 

32.0 

77.3 

72.0 

68.8 

67.7 

97.4 

100.0 

100.0 

99.6 

88.8 

88.8 

79.2 

60000 

55.0 

55.4 

57.0 

58.0 

49.8 

94.2 

99.6 

99.1 

95.0 

64.9 

50.9 

52.4 

65000 

17.9 

23.0 

14.7 

17.1 

5.0 

26.2 

53.6 

31.2 

12. J 

8.4 

12.5 

10.9 

70000 

5.5 

0.8 

1.0 

1.0 

0 

0 

0.9 

0 

0 

0.6 

0.6 

0 

75000 

1.3 

0 

0 

0.5 

0 

0 

1.0 

0 

0 

0 

0 

0 

TABLE  6b.  Damascus,  Syria  (400800)~Mean  and  extreme  altitudes  for  contrail  formation  by 
month. 


EXTHEHE 


MEAN 


MEAN 


BXTHEME 


MONTH 

MINIMUM 

MINIMUM 

MAXIMUM 

MAXIMUM 

JAN 

22000 

33800 

53400 

87500 

FEB 

24000 

34000 

52100 

71000 

HAR 

22500 

34000 

52100 

70500 

APR 

25500 

34900 

54000 

77000 

MAT 

28500 

36600 

53600 

68000 

JUN 

32500 

43000 

57200 

69500 

JUt, 

40000 

44500 

58900 

82500 

AUG 

39000 

43800 

58500 

68000 

SEP 

33500 

41300 

57700 

67000 

OCT 

29500 

37200 

55300 

70000 

NOV 

29500 

35209 

54600 

70500 

DEC 

24500 

34200 

53400 

68000 

24 


TABLE  7a.  Bet  Dagan,  Israel  (401790)--POF  o<  contrail  formation  conditions  at  5,000-ft  Intervals, 
by  month. 


Utltud* 


(ft  HSL) 

Jan 

reb 

Mar 

4pr 

May 

Jun 

JUI 

Aug 

Sap 

Oot 

Hot 

Dao 

10000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

15000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

20000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

25000 

0.1 

0.1 

0 

0 

0 

0 

0 

0 

0.1 

0 

0 

0 

30000 

15.5 

15.2 

11.8 

0.8 

0.4 

0 

0 

0 

0 

0 

1.6 

9.2 

35000 

72.2 

63.2 

67.7 

67.4 

49.1 

2.1 

0 

0 

0.9 

30.9 

63.5 

72.7 

toooo 

72.0 

58.8 

60.3 

75.1 

81.7 

17.5 

0.1 

0.3 

24.9 

82.8 

89.8 

83.8 

t5000 

79.8 

70.5 

69.6 

71.6 

77.7 

89.5 

94.6 

97.7 

98.1 

97.2 

95.8 

90.5 

50000 

90.1 

86.8 

86.9 

84.6 

86.2 

96.7 

98.9 

98.8 

98.9 

97.8 

97.7 

96.2 

55000 

86.9 

88.4 

86.4 

85.5 

86.1 

97.2 

98.1 

98.4 

98.6 

96.7 

94.2 

94.0 

60000 

63.1 

63.0 

66.7 

69.3 

70.7 

93.5 

97.9 

98.0 

97.', 

80.9 

71.2 

73.5 

65000 

27.2 

26.8 

28.0 

25.1 

12.5 

45.7 

80.4 

67.3 

42.3 

20.6 

21.2 

23.0 

70000 

6.« 

9.9 

7.3 

5.0 

2.1 

13.2 

18.9 

18.3 

16.8 

5.7 

4.8 

6.3 

75000 

2.« 

4.0 

3.6 

1.6 

0 

11.9 

21.8 

20.9 

16.6 

2.6 

2.2 

2.3 

TABLE  7b.  Bet  Dagan, 

Israel  (401790)- 

Mean  and 

extreme  attitudes  for  comrall  formation  by 

month. 

CZTREME 

MEAN 

MEAN 

EXTREME 

MOUTH 

MINIMUM 

MINIMUM 

HAnMUH 

MAXIMUM 

JAN 

24000 

33900 

60300 

90000 

FCT 

25000 

34500 

60500 

87500 

MAR 

25500 

34800 

60900 

85000 

APR 

27500 

35400 

61000 

86500 

HAT 

28000 

36200 

60400 

83000 

JUN 

33000 

42200 

66000 

90000 

JUL 

39500 

43900 

70000 

90000 

AUQ 

38500 

43200 

70100 

90000 

SEP 

20500 

41200 

67600 

90000 

OCT 

30500 

37100 

62400 

89500 

MOV 

27000 

35000 

61600 

90000 

DEC 

26000 

34000 

61500 

83500 
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TABLE  8a.  Tabuk,  Saudi  Arabia  (403750)“POF  ol 
intervals,  by  month. 


lltltuda 
(ft  M3L) 

Jan 

r«b 

Har 

Apr 

Hay 

Jun 

10000 

0 

0 

0 

0 

0 

0 

15000 

0 

0 

0 

0 

0 

0 

20000 

0 

0 

0 

0 

0 

0 

25000 

0 

0 

0 

0 

0 

0 

30000 

1.0 

0.7 

0.3 

0.2 

0 

0 

35000 

35.3 

29.9 

32.5 

28.9 

12.6 

0.4 

40000 

66.3 

57.0 

63.6 

70.0 

75.5 

6.7 

45000 

90.0 

85.7 

89.8 

78.6 

89.8 

94.4 

50000 

99.0 

97.8 

98.7 

97.1 

97.9 

99.7 

55000 

99.8 

98.4 

99.8 

99.5 

98.7 

99.7 

60000 

95.0 

94.5 

95.7 

97.3 

97.2 

99.5 

65000 

47.0 

57.8 

57.7 

61.3 

40.8 

67.9 

70000 

7.3 

4.3 

4.0 

0 

0.2 

1.5 

75000 

1.9 

0.6 

0.5 

0 

0 

0.4 

contrail  formation  conditions  at  5,000-tt 


Jul  lug  S«p 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.1 

0.7 

11.5 

92.0 

95.8 

98.1 

100.0 

99.9 

99.9 

100.0 

99.8 

99.7 

100.0 

99.8 

99.8 

85.7 

72.6 

41.8 

0.7 

0.7 

0.2 

0 

0.2 

0.4 

Oot 

Mov 

D«o 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5.7 

17.9 

31.4 

68.2 

89.0 

85.9 

97.4 

97.3 

93.1 

99.4 

99.9 

98.7 

99.7 

99.2 

99.4 

98.4 

96.7 

95.9 

39.9 

44.5 

51.5 

0.8 

2.7 

4,1 

0.2 

0,4 

0,6 

TABLE  8B.  TalHik,  Saadi  AraDIa  (4<I3750)-Maan  and  anrama  almodaa  lor  contrail  lormallon  by 


MOWTH 

EXTREME 

MINIMUM 

MEAN 

MINIMUM 

MEAN 

MAXIMUM 

EXTREME 

MAXIMUM 

JAN 

29000 

37500 

63100 

79500 

PBB 

28000 

38600 

63000 

90000 

MAR 

29000 

38100 

63000 

80500 

APR 

30000 

38100 

63300 

70500 

MAT 

B'ISOO 

38400 

62200 

73000 

JUN 

35COO 

42500 

63700 

80500 

JUL 

40000 

43600 

64500 

71000 

AUQ 

39500 

43200 

64100 

77000 

SBP 

36500 

41700 

63200 

78000 

cxrr 

31000 

38900 

62700 

76000 

NOV 

31000 

37500 

62400 

78500 

DEC 

28000 

36900 

62900 

84500 

26 
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TABLE  9a.  1 

Medinah, 

Saudi  Arabia  (404300)-POF  ol 

contrail  formation  conditions  at  5,000-ft 

Intervals,  by  month. 

Altltud# 

(ft  MSL) 

Jan 

fab 

Mar 

Apr 

Mar 

Jun 

Jul 

«UC 

Sap 

Oot 

MOV 

Dao 

10000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

15000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

20000 

£! 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

25000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

30000 

0 

0 

0.3 

0 

0.3 

0 

0 

0 

0 

0 

0.2 

0.2 

35000 

5.1 

2.5 

10.9 

3.2 

1.8 

0 

0 

0 

0 

0.2 

1.6 

5.6 

AOOOO 

5*. 9 

59.8 

51.3 

52.5 

52.8 

3.3 

0.3 

0.3 

7.7 

98.2 

77.9 

86.7 

*5000 

95.8 

96.1 

95.9 

90.9 

95.9 

99.1 

98.2 

98.5 

100.0 

99.1 

97.8 

98.3 

50000 

99. » 

100.0 

99.3 

99.1 

100.0 

100.0 

99.7 

99.7 

100.0 

99.8 

99.5 

99.7 

55000 

99.3 

100.0 

100.0 

98.8 

100.0 

100.0 

99.7 

99.7 

100.0 

100.0 

98.7 

100.0 

60000 

99.3 

99.6 

99.6 

99.1 

99.0 

99.7 

100.0 

100.0 

100.0 

99.5 

98.6 

■  98.3 

65000 

80.0 

81.2 

89.8 

89.7 

76.1 

87.5 

86.1 

80.6 

62.1 

69.9 

66.1 

77.6 

70000 

11.3 

6.7 

9.1 

2.2 

0.8 

1.8 

0.8 

0.7 

0.3 

0.3 

3.8 

7.0 

75000 

2.6 

0 

1.0 

0.9 

0.9 

0.9 

0.9 

0.9 

0.3 

0.3 

0.3 

0.3 

TABLE  9b.  Medinah, 
month. 

Saudi  Arabia  (404300)' 

-Mean  and  extreme  altitudes  for  contrail  formation  by 

MONTH 

EXTREME 

MINIMUM 

MEAN 

MINIMOM 

MEAN 

MAHMOM 

EHREME 

MAHMUM 

JAN 

32500 

39100 

64900 

88000 

FEB 

30500 

39800 

64500 

73500 

MAR 

30000 

39700 

65300 

75500 

APR 

33500 

39600 

65200 

77500 

MAI 

29500 

39800 

64100 

77500 

JUN 

35500 

1)2200 

65100 

77000 

JUL 

35500 

92900 

65000 

77500 

AUO 

39500 

92800 

69600 

77500 

3EP 

37500 

91500 

69000 

89500 

OCT 

39500 

90100 

63600 

76500 

NOV 

30000 

38800 

63300 

77000 

DEC 

27  5  0  0 

38000 

69500 

36000 

27 
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TABLE  10a.  Riyadh,  Saudi  Arabia  (404370)~POF  of  contrail  formation  conditions  at  SiGOO-ft 
Intervals,  by  month. 


Utltuda 
(ft  HSL) 

Jan 

Fab 

Har 

Ipr 

Mar 

Jun 

Jul 

ius 

Sap 

Oot 

Mot 

Dao 

10000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

IJOOO 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

20000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

25000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

30000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

35000 

11.3 

7.9 

20.1 

7.1 

o.< 

0 

0 

0 

0 

0 

2.8 

10.9 

<0000 

66.7 

5<.5 

63.8 

58.8 

53.0 

o.< 

0 

0 

<.o 

37.2 

78.3 

87.6 

<5000 

95.3 

9<.7 

97.7 

89.3 

97.6 

99.2 

98.5 

100.0 

99.6 

99.0 

98.5 

98.6 

50000 

100.0 

100.0 

99.5 

100.0 

99.2 

100.0 

99.6 

100.0 

100.0 

100.0 

99.2 

99.2 

55000 

100.0 

100.0 

100.0 

99.6 

99.6 

100.0 

99.6 

100.0 

100.0 

100.0 

99.6 

99.2 

60000 

99.5 

100.0 

100.0 

99.6 

99.2 

100.0 

99.6 

100.0 

100.0 

100.0 

99.6 

99.1 

65000 

86.3 

89. < 

90.3 

95.0 

85.1 

97.0 

9<.< 

93.2 

81.2 

82.5 

83.9 

79.5 

70000 

13.2 

12. < 

13-9 

5.6 

0 

o.< 

0 

0 

0 

0.8 

4.5 

8.7 

75000 

2.0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

TABLE  10b.  Riyadh,  Saudi  Arabia  (404370)-Mean  and  extreme  altitudes  for  contrail  fomiatlon  by 
month. 


MOUTH 

EXTREME 

HINIMOM 

MEAN 

MINIMUM 

MEAN 

MAXIMUM 

EXTREME 

MAXIMUM 

JAH 

33000 

38300 

63500 

77000 

FEB 

32000 

39300 

65000 

73000 

HAR 

33000 

38400 

63500 

72500 

APR 

34000 

39300 

65100 

71000 

HAT 

31500 

40200 

65100 

78000 

JUN 

39500 

42700 

65900 

70500 

JUL 

41000 

43100 

65600 

69000 

AUG 

40500 

42800 

65500 

69000 

SEP 

38500 

41800 

64400 

69500 

OCT 

35500 

40200 

64500 

71000 

NOV 

34500 

38500 

63400 

72500 

DEC 

32500 

37800 

62200 

73500 

1 
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TABLE  11a.  Dhahran,  Saudi  Arabia  (404160)-POF  contrail  formation  conditions  at  5,000-ft 
Intarvals,  by  month. 


Utltuds 
(ft  HSL) 

Jan 

Fsb 

Har 

4pr 

May 

Jun 

Jul 

Aug 

Sap 

Oct 

Not 

Dao 

10000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

15000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

20000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

25000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

30000 

0.3 

0 

0 

0.3 

0 

0 

0 

0 

0 

0 

0 

0 

35000 

22.6 

18.8 

22.7 

10.1 

2.1 

0 

0 

0 

0 

0.7 

3.6 

16.8 

40000 

61.7 

57.5 

57.7 

64.3 

46.4 

1.8 

0.1 

0 

1.3 

46.5 

79.4 

85.7 

45000 

93.4 

93.3 

95.0 

88.4 

96.9 

96.9 

89.8 

94.1 

98.4 

99.4 

96.4 

98.0 

50000 

99.7 

99.2 

99.7 

99.4 

99.5 

99.8 

99.8 

99.9 

100.0 

100.0 

99.7 

99.7 

55000 

99.8 

99.2 

99.8 

99.8 

99.8 

99.8 

99.8 

100.0 

100.0 

100.0 

99.7 

99.7 

60000 

98.5 

99.1 

99.0 

99.8 

99.6 

99.6 

100.0 

99.7 

99.8 

100.0 

99.8 

99.3 

65000 

65.4 

72.8 

82.1 

89.9 

78.7 

39.6 

94.9 

85.0 

70.7 

63.0 

68.4 

64.5 

70000 

6.7 

3.4 

9.2 

2.5 

0.4 

2.1 

0.4 

0.6 

1.4 

0.7 

3;i 

5.9 

75000 

0 

0 

0.3 

0 

0.2 

0.2 

0 

0.4 

0 

0.2 

0 

0 

TABLE  11b. 
by  month. 

Dhahran, 

Saudi  Arabia  (404160}-Mean  and  extreme  altitudes  tor  contrail  formation 

MoirrH 

EXTREME 

MIMIMUH 

MEAM 

MINIMUM 

MEAN 

MAXIMUM 

EXTREME 

MAHMUM 

JAM 

29500 

38500 

63000 

T4500 

FEB 

31000 

38900 

62900 

T3000 

MAR 

31500 

38500 

63200 

84000 

APR 

29500 

38900 

63900 

73000 

MAI 

32500 

40000 

63500 

77000 

JON 

375  00 

43000 

64300 

81000 

JUL 

39500 

43800 

64200 

72500 

AUG 

40500 

43600 

64000 

78500 

SEP 

37500 

42300 

63600 

74000 

OCT 

34000 

40300 

63200 

75500 

MOV  . 

33000 

38600 

63100 

71500 

DEC 

30500 

37600 

62700 

72500 

29 


TABLE  12a.  Kuwait  lAP,  Kuwait  (405820)-POP  contrail  formation  conditions  Sit  5,000-ft  Intervals, 
by  month. 


Utltud* 
(ft  KSL) 

Jan 

rab 

Har 

*pp 

Mar 

Jun 

Jul 

Auf 

Sep 

Oet 

Nov 

Dao 

10000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

15000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

20000 

0 

0 

0 

0.2 

0 

0 

0 

0 

0 

0 

0 

0 

25000 

0 

0 

0 

1.2 

0 

0 

0 

0 

0 

0 

0 

0 

30000 

1.3 

1.7 

0.5 

0.2 

0 

0 

0 

0 

0 

0 

0.3 

0.9 

35000 

•3.5 

52.5 

51.8 

32.0 

6.8 

0.2 

0 

0 

0 

7.5 

22.0 

53.1 

toooo 

70.3 

60.3 

62.5 

72.1 

60.9 

5.0 

0 

0.2 

5.9 

59.6 

88.2 

86.2 

55000 

85.0 

38.5 

36.1 

82.2 

92.3 

87.9 

79.7 

88.2 

96.0 

98.8 

97.1 

93.5 

50000 

93.5 

97.6 

97.8 

97.5 

99.5 

99.5 

100.0 

100.0 

100.0 

100.0 

99.8 

98.9 

55000 

99.0 

98.8 

98.5 

99.7 

99.5 

99.6 

100.0 

100.0 

100.0 

98.8 

99.6 

99.5 

60000 

90.5 

92.7 

93.9 

98.5 

98.5 

99.6 

100.0 

100.0 

100.0 

98.8 

96.9 

95.8 

65000 

53.8 

59.9 

56.6 

79.5 

69.7 

89.0 

95.2 

90.7 

66.0 

5«.9 

51.7 

51.0 

70000 

10.0 

3.8 

7.5 

2.8 

0.8 

1.5 

1.5 

0.5 

0.5 

0.2 

3.3 

6.2 

75000 

1.6 

0 

0.3 

0 

0 

0.7 

0 

0 

0.2 

0 

0 

0 

TABLE  12b.  Kuwait  lAP,  Kuwait  (40S820)~Mean  and  extreme  altitudes  for  contrail  formation  by 
month. 


MoirrH 

EXTREME 

MIMIMUM 

MEAN 

MINIMUM 

ICAN 

MAXIMUM 

EXTREME 

MAHMUM 

JAM 

29000 

36900 

57400 

76500 

FEB 

26000 

37000 

58800 

74500 

MIR 

29000 

37600 

60000 

77000 

APR 

17500 

37700 

61100 

71000 

HAT 

32000 

39500 

61300 

90000 

JOH 

33500 

43300 

63300 

85000 

JUL 

41000 

44500 

63700 

72000 

AUO 

40000 

44000 

63200 

89000 

SEP 

37500 

42400 

62600 

87500 

OCT 

32500 

39300 

6l  100 

72500 

NOV 

27000 

37300 

60900 

73000 

DEC 

28500 

36200 

60900 

72500 

TABLE  13a.  Baghdad,  Iraq  (406500)~POF  contrail  formation  conditions  at  5,00(MI  intarvals,  by 
month. 


Altitude 
(ft  HSL) 

Jan 

rtb 

Mar 

Apr 

May 

Jun 

Jul 

Au« 

Sap 

Oat 

Koa 

Daa 

10000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

9 

0 

0 

15000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

20000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

8 

0 

0 

25000 

1.1 

0 

0 

0 

0 

0 

0 

0 

0 

8 

0 

0 

30000 

28.3 

2*.1 

15.5 

2.8 

0 

0 

0 

0 

0 

8.3 

2.5 

12.7 

35000 

78.1 

68.6 

70.0 

69.3 

35.0 

1.8 

0 

0 

0.6 

31.3 

64.* 

81.0 

*0000 

71.7 

55.3 

61.0 

79.1 

75.8 

11.3 

0.5 

0.3 

18.* 

83.1 

87.6 

82.7 

*5000 

70.6 

73.7 

65.8 

68.8 

7*. 5 

83.3 

75.8 

88.0 

9*. 3 

98.0 

90.0 

8T.5 

50000 

79.9 

80.6 

79.7 

81.2 

89.0 

98.9 

99.7 

99.7 

99.7 

99.T 

9*. 7 

92.0 

55000 

6*. 5 

n.2 

78.1 

89.1 

87.6 

99.3 

99.7 

100.0 

99.5 

99.2 

92.3 

85.* 

SOOOO 

31.5 

56.5 

58.0 

76.3 

81.8 

98.3 

99.1 

99.5 

98.2 

82.5 

68.2 

62.3 

65000 

7.5 

2*.1 

16.8 

25.9 

23.0 

58.1 

83.* 

67.* 

39.1 

15.9 

15.7 

15,* 

TOOOO 

1.0 

8.2 

0 

0 

0.7 

3.3 

3.7 

0,7 

1.6 

8 

1.* 

2,6 

75000 

0 

0 

0 

0 

0 

0.7 

0 

0 

0 

0 

0 

1.0 

TABLE  13b.  Baghdad,  Iraq  (406500)-Mean  and  axtreme  altitudes  for  contrail  formation  by  month. 


MONTH 

EnREME 

MINIMUM 

MEAN 

MINIMUM 

MEAN 

MAXIMUM 

EHRE* 

MAXIMm 

JAN 

22500 

32600 

52600 

70000 

FEB 

2250  0 

33*00 

53800 

73000 

MAR 

26000 

3*400 

52900 

69500 

APR 

27500 

35200 

55800 

86000 

MAT 

31000 

37600 

56900 

73000 

JUN 

3*000 

43300 

60600 

86500 

JOL 

39000 

44900 

60900 

74000 

AUG 

40000 

44100 

59700 

70000 

SEP 

34000 

42900 

53600 

71500 

OCTT 

29000 

37600 

56100 

68500 

MOV 

27500 

35400 

55200 

70500 

DEC 

27000 

33900 

54900 

76000 

31 


TABLE  14a.  Mashhad.  Iran  {407450)-POF  contrail  formation 
ifK>fnn« 

Altitud* 


(ft  KSL) 

Ju 

Fab 

Hu- 

10000 

0 

0 

0 

15000 

0 

0 

0 

20000 

0 

0 

0 

25000 

2.5 

2.6 

1.9 

30000 

69.7 

96.1 

28.8 

35000 

88.3 

83.2 

72.1 

90000 

72.8 

70.0 

69,3 

95000 

97.7 

93.1 

97.2 

50000 

98.7 

57.9 

53,8 

55000 

90.0 

100.0 

50.0 

80000 

50.0 

100.0 

90.0 

65000 

0 

0 

0 

70000 

• 

t 

t 

75000 

• 

B 

t 

*pr 

HbF 

Jun 

Jul 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2.1 

0 

0 

0 

79,6 

26.9 

0.9 

0 

75.2 

98.7 

5.9 

0.9 

8C.2 

91.2 

53.1 

99.5 

70.2 

78.7 

98.3 

97.8 

50,0 

68.7 

100.0 

97.3 

66.7 

100.0 

100.0 

100.0 

29,0 

• 

80.0 

90.0 

• 

§ 

0 

0 

• 

■ 

0 

0 

conditions  at  5,000-fi  Intervals,  by 


tut 

0 

0 

0 

0 

0 

0 

0.9 

7(.< 

9«.r 

96.t 

100.0 

33.3 

0 

0 


3^ 

0 

0 

0 

9 

0 

1.2 
*.9 
M.2 
99.T 
90.2 
Si. a 
12.9 
9 
0 


Oot 

0 

0 

0 

0 

0 

*7.2 

T1.9 

90.9 

89.1 

79.0 

«2.9 

33.3 

0 

0 


Hot 

0 

0 

0 

2.0 
11.1 
80.9 
9*. 9 
92.» 
90.7 
100.0 
29.0 
0 
0 
0 


Dm 

0 

0 

0 

0 

33.8 

89.3 
79.1 
n.9 

78.3 
90.0 

• 

t 


TABLE  .4#.  ,407«0)-MMn  .M  .«nm.  Mrtudn  10,  CO««l  tono«»„  o, 


HOWTH 

nTBEME 

KTMIMUM 

WAN 

KtNtMM 

WAN 

HAXIHtM 

ECTMEW 

HAXIMUM 

Jtn 

29000 

29800 

95600 

69500 

m 

22500 

30900 

93500 

62500 

ntn 

29500 

32900 

95900 

69500 

Apn 

30000 

39200 

97800 

65000 

HAT 

30500 

38200 

99900 

61000 

JUN 

39500 

99200 

59600 

69500 

Jin, 

35500 

95900 

59600 

67000 

AUO 

39000 

99300 

59500 

69500 

SSP 

39500 

93500 

53900 

65000 

OCT 

31000 

37200 

50000 

6  7000 

MOV 

235  00 

33200 

98500 

60000 

DEC 

25500 

31600 

95600 

59500 

32 


TABLE 

15«. 

Tahran, 

Iran  (407540)~POF  contrail  formation  condKions  at  5,000-ft  Intarvals,  by 

month. 

lltltud* 

(ft  ML) 

Jin 

r«6 

Mr 

Apr 

Mf 

Jun 

Ail 

tAit 

*4P 

Oot 

■a* 

Dm 

10000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

15000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

20000 

0.5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

25000 

2.0 

1.6 

0.3 

0 

0 

0 

0 

0 

0 

0 

0 

0.6 

30000 

56.2 

39.2 

21.0 

<•3 

o.< 

0 

0 

0 

0 

0 

<.o 

27.6 

35000 

81. » 

7T.1 

79.7 

78.9 

28.7 

0.7 

0 

0 

0.9 

39.0 

70.0 

87.9 

HOOOO 

69.3 

63.1 

6<.8 

76.8 

5<,8 

<.6 

0.5 

0 

14.3 

83.2 

81.3 

81.3 

115000 

62,3 

95.1 

59.0 

61.0 

57.1 

64.< 

99.1 

68.2 

93.9 

99.9 

87.7 

8<.0 

50000 

59.8 

62.1 

62,9 

71.7 

77,8 

98.3 

99.3 

99.< 

100.0 

98.0 

90,9 

89.7 

55000 

48.0 

63.2 

66.7 

71. < 

82.< 

98,1 

100.0 

99.J 

100.0 

92.9 

97.1 

80.0 

60000 

25.0 

<3.8 

92,9 

<6.2 

66.7 

97.2 

100.0 

100.0 

100.0 

50.0 

89.7 

100.0 

65000 

11.1 

37.9 

0 

20.0 

12.9 

56.3 

81.3 

59.1 

33.3 

0 

0 

p 

70000 

0 

25.0 

0 

0 

0 

9.1 

0 

0 

0 

0 

0 

• 

75000 

0 

25.0 

0 

0 

0 

12.5 

0 

0 

0 

0 

0 

• 

TABLE  ISb.  Tahran, 

Iran  (407540h-Maan  and  axtrama  altitudaa  for  contrail  fonnation  by  momh. 

trrnmi 

«AN 

HKAN 

exTPt>« 

MoirrH 

KINtMUM 

HINIMINI 

MAXTMOH 

NAXIWM 

JAN 

19000 

29900 

«000 

69500 

rra 

23000 

30800 

<9100 

76000 

M8 

22900 

32900 

<6<00 

63000 

AM 

28000 

33900 

<8000 

69000 

MAT 

30000 

38000 

<9800 

65500 

JON 

33000 

<<100 

5<000 

81500 

JUL 

<0000 

<5200 

5»200 

68500 

AtXl 

<0500 

<<800 

55200 

69000 

SEP 

35000 

<2200 

53600 

67500 

OCT 

31500 

36600 

<8700 

4<000 

<07 

29000 

3<‘»&0 

<6800 

61500 

OKC 

2<500 

31900 

<1(900 

40500 

\ 

\ 


TABLE  16a. 
r-nh 


Kerman.  Iran  (4084i0hPOF  contrail  formation  conditions  at  5,000-ft  Intervals,  by 


iltttud* 
(ft  MSL) 

10000 

15000 

20000 

25000 

30000 

35000 

*0000 

*5000 

50000 

55000 

80000 

85000 

70000 

75000 


Jaa 

r«b 

Har 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5.0 

8.9 

1.5 

*8.7 

*8.8 

*3.0 

88.7 

64.3 

71.5 

85.3 

83.8 

89.2 

93.7 

95.3 

9*.  3 

91.3 

97.* 

9*. 7 

90. » 

9*. 8 

95.0 

25.0 

*8.3 

50.0 

8.3 

21.1 

10.0 

0 

.  ’-9 

0 

*pr 

JUD 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

31.* 

1.9 

0 

70.1 

35.8 

0 

81.8 

8*.5 

69.* 

98.2 

98.2 

97.1 

98.8 

100.0 

98.8 

98.0 

98.3 

97.7 

79.2 

75.0 

88.0 

11.1 

0 

17.8 

0 

0 

3.1 

Jal 

4UC 

Sap 

a 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1.8 

0 

5.0 

58.9 

73.8 

95.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

95.8 

100.0 

100.0 

95.0 

95.7 

78.5 

1*.3 

0 

0 

0 

0 

0 

Oot 

Mov 

Dao 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1.0 

0,9 

1.7 

9.8 

23.9 

50.9 

7*.2 

75.3 

92.5 

97.8 

88.9 

92.* 

97.5 

95,8 

97.8 

55.7 

93.8 

100.0 

85.7 

93.3 

100.0 

57.1 

*8.7 

53.8 

20.0 

18.2 

0 

0 

0 

0 

TA816  16B.  Kem,.„,  (40M10)-M.«,  .M  ^  ^  ^ 


Hoifni 

mnme 

miflMOH 

WAV 

MIinMOH 

NCAIt 

MAXIMOH 

HAXXMUH 

25500 

38700 

53000 

71500 

res 

27500 

35900 

5*900 

77000 

K88 

28500 

37000 

53*00 

70000 

888 

31000 

37500 

55000 

72000 

MAt 

33500 

31200 

55500 

68500 

JVH 

*1000 

*•700 

59*00 

77500 

JVL 

38500 

*5100 

57300 

70500 

*00 

*1000 

**500 

57000 

68500 

ser 

39000 

*3100 

55300 

68000 

OCT 

28500 

38700 

53500 

70000 

807 

30000 

38300 

53600 

73500 

Dee 

29500 

35800 

53000 

68500 

.14 


TABLE  17a.  Khamla  Mushait,  Saudi  Arabia  (411140)-<POF  contrail  formation  conditions  at  5,000-ft 
Intarvals,  by  month. 


Altitude 
(ft  MSL) 

Jan 

Fab 

Har 

Apr 

Har 

Jun 

Jul 

Auc 

S.P 

Oct 

Rot 

0.0 

10000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

15000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

aoooo 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

25000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

30000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

35000 

0.2 

0 

0 

0 

0.2 

0 

0 

0.1 

0 

0.1 

.1 

0 

WOOO 

52.5 

99.7 

90.1 

32.2 

26.8 

2.8 

1.4 

2.8 

11.5 

31.8 

59.6 

72.6 

A5000 

98.9 

98.3 

98.6 

97.7 

97.9 

99.9 

98.2 

97.6 

98.9 

99.3 

99.9 

99.1 

50000 

99.8 

100.0 

100.0 

99.9 

99.2 

99.8 

99.8 

99.2 

100.0 

99.9 

100.0 

100.0 

55000 

99.8 

99.7 

100.0 

100.0 

99.6 

99.6 

100.0 

99.1 

100.0 

99.8 

99.8 

100.0 

60000 

100.0 

100.0 

100.0 

100.0 

99.0 

99.6 

99.6 

99.1 

100.0 

99.8 

99.6 

100.0 

65000 

97.5 

98.2 

97.0 

99.2 

92.3 

87.9 

80.3 

76.9 

76.3 

87.1 

92.3 

97.5 

70000 

10.7 

15.0 

15.6 

6.0 

1.3 

2.2 

2.0 

1.5 

2.7 

1.0 

3.8 

9.0 

75000 

0.9 

0.7 

0 

0.9 

0.3 

0.7 

0 

0.2 

0.9 

0 

0.9 

0.5 

TABLE  17b.  Khamis  Mushait,  Saudi  Arabia  (4lll40)~Maan  and  axtreme  altitudes  for  contrail 
formation  by  month. 


MOUTH 

EXTREME 

MINIMUM 

MEAN 

MINIMUM 

MEAN 

MAXIMUM 

EXTREME 

MAXIMUM 

JAM 

33500 

90200 

63800 

76000 

rea 

35500 

40700 

63400 

76500 

HAR 

35000 

40600 

64400 

73500 

APR 

36000 

40900 

64100 

79000 

MAT 

30500 

41200 

63000 

79000 

jtm 

36500 

42100 

63800 

87500 

JUL 

38000 

42300 

63500 

73500 

AUO 

34COO 

42100 

63700 

85000 

SEP 

36500 

41500 

63500 

85500 

OCT 

32000 

40600 

64100 

76500 

NOV 

34000 

40100 

63700 

76500 

DEC 

365  00 

39700 

64000 

90000 

35 


\ 


in^h  (412560)-POF  contrail  formation  condRions  at  5,000-ft  Intervals,  by 

Utltuds 


(ft  KSL) 

Jan 

r«b 

Mar 

ipr 

"•r 

10000 

0 

0 

0 

0 

0 

15000 

0 

0 

0 

0 

0 

20000 

0 

0 

0 

0 

0 

25000 

0 

0 

0 

0 

0 

30000 

0 

0 

0 

0 

0 

35000 

10.2 

9.7 

6.9 

0.9 

0 

toooo 

53.« 

30.3 

53.9 

90.9 

29.8 

*5000 

97.0 

98.1 

97.9 

95.5 

98.8 

50000 

100.0 

100.0 

100.0 

100.0 

99.6 

55000 

99.5 

99.5 

100.0 

100.0 

100.0 

60000 

99.5 

99.5 

100.0 

i4b.o 

100.0 

65000 

69.0 

93.9 

93.9 

98.0 

91.9 

70000 

6.1 

95.0 

9.7 

1.5 

0.5 

75000 

0 

C.5 

0 

0 

0.5 

Jun 

Jul 

tug 

Sap 

Oet 

llov 

Oao 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.3 

0 

0 

1.2 

9.6 

0 

0 

0.3 

0.9 

10.6 

60.7 

83.7 

98.6 

99.2 

99.3 

100.0 

99.6 

99.1 

100.0 

99.6 

100.0 

99.7 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

99.6 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

95.5 

99.3 

92.0 

79.5 

78.9 

85.3 

81.9 

0.9 

0.5 

0 

0 

0 

1.9 

1.3 

0.9 

0 

0 

0 

0 

0 

0 

TABLE  18b.  Seeb,  Oman  (412560>-Mean  and  extreme  aRltudes  for  contrail  formation  by  rnomh. 


HOWTH 

ETTREME 

WMIMOM 

MEAN 

WMIMOM 

JUt 

33500 

90300 

rtB 

35000 

90900 

MR 

32000 

90900 

APR 

37000 

90500 

MAT 

37000 

91700 

jun 

38500 

92900 

JUt. 

37500 

92500 

6(X> 

90000 

92500 

SBP 

39000 

92200 

OCT 

37500 

90900 

MOV 

35500 

90100 

DEC 

35000 

90200 

MEAN 

MAXIMUM 

EXTREME 

MAXIMUM 

69000 

72000 

69900 

895  00 

63500 

70000 

65200 

70500 

69900 

70000 

69100 

70500 

63500 

69000 

63700 

69000 

63500 

75500 

63600 

79000 

63900 

72500 

69600 

79500 
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TABLE  19a.  Salalah, 
month. 

Oman  (413160)-POF  contrail  formation  conditions  at  5,000-ft  Intervals,  by 

Altltuda 

(ft  HSL) 

Jan 

Feb 

Kar 

Apr 

Jun 

Jul 

tat 

S«p 

Oct 

Mor 

Dm 

10000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

15000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

20000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

25000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

30000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

35000 

0.7 

0.8 

1.2 

0 

0 

0 

0 

0 

0 

0 

0 

0.6 

40000 

69.6 

74.4 

58.5 

60.6 

19.5 

1.2 

3.8 

0.6 

18.1 

59.7 

74.5 

84.7 

45000 

100.0 

100.0 

100.0 

99.1 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100,0 

50000 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

55000 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

60000 

99.1 

100.0 

100.0 

100.0 

100.0 

99.3 

100.0 

100.0 

100.0 

99.3 

100.0 

100.0 

65000 

95.4 

95.2 

99.2 

92.7 

85.8 

82.9 

63.8 

60.3 

68.6 

88.0 

90.0 

95.3 

70000 

2.2 

9.^ 

5.0 

1.1 

1.0 

1.6 

0 

0 

1.6 

0.7 

3.6 

3.8 

75000 

0 

1.3 

0 

0 

0 

0 

0 

0 

0.8 

0 

0 

0 

TABLE  19b.  Salalah,  Oman  (413160)-Mean  and  extreme  altitudes  (or  contrail  formation  by  month. 

ETTREME 

MEAN 

MEAN 

EXTREME 

MONTH 

MTHIMUM 

MIlfIMUM 

MAXIMUM 

MAXIMUM 

JAM 

31500 

39200 

660C0 

72000 

fEB 

33500 

40500 

66500 

77000 

KAR 

33000 

39100 

66400 

71500 

APR 

35000 

40600 

65700 

70500 

MAT 

37000 

41000 

64900 

90000 

JtJN 

41000 

43400 

65200 

86500 

JUL 

41000 

43200 

65500 

70500 

Atx; 

3200  0 

43200 

64700 

69000 

3BP 

39500 

42000 

64700 

69000 

OCT 

37000 

41300 

64  5  00 

69000 

NOV 

34500 

39400 

65200 

72000 

DEC 

33000 

38300 

64800 

72000 

6.  SUMMARY  AND  CONCLUSIONS. 


USAFETAC/DNO  developed  the  DNCONTRL  program  to  determine  climatological  mean  and 
extreme  maximum  and  minimum  altitudes  at  which  contrails  are  likely  to  form  over  a  given 
upper-air  station.  The  program  also  determines  percent  occurrence  frequency  (POF)  of 
conditions  favorable  for  contrail  formation  at  each  500-foot  level  in  the  atmosphere,  from  10,000 
feet  to  the  top  of  the  sounding  or  to  100,000  feet,  whichever  is  lower. 

DNCONTRL  was  applied  to  19  upper-air  stations  in  the  area  of  the  Persian  Gulf  specified  for 
this  study.  The  study  area  was  within  a  box  delineated  by  lines  from  10°  to  40°  N,  and  from  30° 
to60°E. 

DNCONTRL  satsifactorily  determines  the  presence  of  conditions  favorable  for  contrail 
formation  by  calculating  a  critical  temperature  at  500-foot  intervals  in  the  vertical.  If  the  ambient 
temperature  at  a  level  is  less  than  or  equal  to  the  critical  temperature,  meteorological  conditions 
arc  conducive  for  contrail  formation.  Monthly  values  of  mean  and  extreme  minimum  and 
maximum  altitudes  for  contrail  formation  over  each  station  were  determined.  A  POF  of 
favorable  contrail  formation  conditions  throughout  the  atmosphere  was  also  calculated  for  each 
of  the  19  stations,  for  each  month  of  the  year. 

The  results  of  this  study  were  consistent  with  those  from  a  similar  study  of  the  entire  northern 
hemisphere  developed  by  3WW. 
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ABBREVIATIONS,  ACRONYMS,  and  SYMBOLS 


AFCRC 

AFGWC 

DNCONTRL 

DNO 

EBCDIC 

ECA 

ECAUARDR 

EXTRCDTG 

IR 

IQ 

IS 

JCL 

KW 

mb 

MEANS 

MO 

MSL 

OM 

P 

PDS 

POF 

POR 

RH 

SAS 

SD 

SY 

TABULATE 

Tc 

3WW 

TROPFCST 

TU 

USAFETAC 


Air  Force  Cambridge  Research  Center  (now  Phillips  Laboratory,  Geophysics 
Directorate) 

Air  Force  Global  Weather  Central 

Software  written  by  USAFETAC/DNO  to  find  mean  and  extreme  maximum 
and  minimum  altitudes  of  contrail  formation 
Operations  Applications  Development  Section,  USAFETAC 
Extended  Binary  Coded  Decimal  Interchange  Code.  A  binary  code  for 
representing  data,  used  by  IBM  computers. 

Systems  Support  Section,  USAFETAC 

Upper- Air  Reader  program.  Written  by  USAFETAC/ECA,  reads  upper-air 
data  from  tape  and  creates  a  file  on  disk. 

Program  written  by  USAFETAC/ECA  to  convert  a  flat  file  to  a  SAS 
permanent  dataset. 

Iran 

Iraq 

Israel 

Job  Control  Language.  Instructions  to  the  operating  system  governing 
execution  of  a  computer  program  and  describing  its  input  and  output. 

Kuwait 

Millibars 

Software  routine  within  the  SAS  language  that  computes  various  statistics. 
Month 

Mean  sea  level.  Used  as  a  qualifier  in  measurements  of  altitude,  to 
distinguish  from  "above  ground  level"  (AGL). 

Oman 

Aimospheric  pressure 

Permanent  Dataset.  Structure  of  data  compatible  with  the  SAS  language. 
Percent  occurrence  frequency 

Period  of  record.  Chronological  content  of  a  collection  of  data. 

Relative  humidity 

Statistical  Analysis  System.  Fourth-generation  computer  language  used  at 

USAFETAC 

Saudi  Arabia 

Syria 

Software  routine  within  the  SAS  language  that  computes  and  displays 
various  statistics. 

Critical  temperature 
Third  Weather  Wing 

Computer  program  for  foreca.sting  contrails,  u.sed  at  AFGWC. 

Turkey 

United  States  Air  Force  Environmental  Technical  Applications  Center. 
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